MODEL
The model has three main components, planktivorous fish, zooplankton and the phytoplankton with the necessary nutrient components. The modeling approach for fish is based on the bioenergetics principle. Zooplankton model is developed at this stage as a single constituent representing the total zooplankton. Phytoplankton model developed by Asaeda and Bon (1997) has been used.
Fish
The change in biomass of fish is defined by the energy budget equation with all units expressed as biomass equivalents and on a per day basis. Fish means zooplanktivorous fish in our model and all the parameters have been used for bluegill fish as available as possible. In some cases where the data for bluegill was not available, data from the other fishes close to bluegill have been used. A bioenergetics model essentially accounts for the energy intake by fish (Elliot, 1979; Ursin, 1979; Kitchell, 1983) . The basic equation is:
Growth=Consumption-(Respiration+Waste losses due to excretion and egestion) Energetic equations used are described below. The calculations are based on specific consumption rates, equivalents in biomass, on a per day basis. The total rates can be calculated as the product of specific rates and fish weights.
Where, Consumption, the rate of feeding, C is defined as a function of the maximum rate for an individual fish of a given size at a specified temperature. Cmax is the maximum weight specific ration at the optimum temperature, Topt, for consumption and al and b1 are regression constants. P is a proportionality constant having values between 0 and 1.0 used to adjust the ration. rc is a temperature dependent proportional adjustment (i.e. 0 to 1.0) of consumption rate. The value of rc, reaches a maximum of 1.0 at the optimum temperature and declines rapidly to zero at the maximum temperature, Tmax. The consumption is the equivalent of fish weight in grams, which is later converted to equivalent of zooplankton biomass by the energy content (caloric values of fish and zooplankton). Respiration rate is dependent on weight, ambient temperature and the amount of food eaten. Rmax is the maximum weight specific respiration rate at optimum temperature and a, and b, are regression constants and rR is similar to re with temperature values for respiration. S is the specific dynamic action coefficient and depends on consumption. F and U are waste losses due to egestion and excretion respectively. Z is the zooplankton biomass (g/m3); Gz is the growth rate of zooplankton which is dependent on nominal maximum grazing rate, Izmax, temperature, IzT, assimilation coefficient, FAz, and concentration of edible phytoplankton, Izc. FT is the total edible food available and Fo is the threshold food concentrations. Cnbg. and Cbg are the concentrations of non-blue green and blue green biomass and HI and Pf2 are the preference ratios.
Respiration and non-predatory mortality have been treated as the simple function of temperature. The predatory mortality is a function of temperature, fish biomass and light intensity etc. The predatory mortality fluctuates greatly as the fish stock decreases and increases allowing the zooplankton to grow and graze on phytoplankton. We have calculated the predatory mortality, Pmz, based on the food consumption of fish in the fish model.
Phytoplankton
We did not develop the indigenous phytoplankton model because there are many such models already developed and tested with satisfactory results. We have used one such model developed by Asaeda and Bon (1997). The details of this model are beyond the scope of this paper, however we have listed the main state equation for the phytoplankton growth. For the details of the model, readers are referred to Asaeda and Bon (1997).
Where Chli (I=1,2,3) is the chlorophyll-a concentration of diatom, green and blue green (mg/m3) , IPi and INi are the internal phosphorus and Nitrogen concentration (P mg or N mg per Chi mg), kri, km, kzi are the coefficients of respiration, mortality and zooplankton grazing on phytoplankton (per day), respectively . z is the zooplankton biomass, Chlmii is min Chl-a level for zooplankton grazing (mg/m3), G, is the maximum rate of phytoplankton growth. is the temperature multiplier for growth, respiration and mortality and pfi is preference factor. Internal phosphorus, internal nitrogen, phosphate, nitrate, ammonium, silica and BOD are other state variables of the model.
RESULTS AND DISCUSSION
The computational period started from the beginning of January for 365 days. The time interval was kept to be one day to account for the daily biomass change of fish and zooplankton. In the calculation, length: depth: width ratio of 8:2:1 for fish and 4:1:1 for zooplankton and density of 1g/cm3 were assumed which gives W=0.01L3 for fish and W=0.03L3 for zooplankton as length and weight relationship (Gerritsen , 1984) . The dry to wet weight ratio of zooplankton was taken as 0 .20 (Peters, 1984) . Each model was run separately and together to obtain various results. The lake was considered to be shallow and hence no temperature stratification was considered. Since the temperature constitutes a major determinant of growth , the model is restricted to the sites where temperature data have been available . We have used the temperature data reported from the shallow lakes in Netherlands. Fig. 1 shows the simulation of bluegill biomass compared with observed data over a period of 365 days .
The simulation compared favourably with the data from the laboratory conditions . Starting with 2.5g/m3, it reached nearly 45g/m3 at the end. The simulated value did not exceed the observed value . The increase in biomass was slower at the beginning due to the lower temperature regime and higher in June to August with highest feeding level at optimum temperature and slower again towards the end of the year. We simulated the biomass with various initial biomass concentrations (0.1, 0.5, 2.5, 12.5g/m3) to observe the changing pattern of increase or decrease at the end of the year (Fig. 2) . The maximum biomass observed with initial concentration of 12.5g/m3 was around 55g/m3 and tended to decrease after reaching a maximum threshold value whereas for 0.1g/m3, it was around 35g/m3 and tended to increase further. The difference in changing pattern was similar with uniform change for the 0.1, 0.5 and 2.5g/m3. The differences in the total biomass after a year were considerably small. This may highlight the point that the appropriate time at which the reduction of fish stock needs to be done. Also, the reduction of initial biomass concentration from 12.5gm3 to 0.1g/m3 did not result in a very high reduction in the increasing pattern and the total biomass concentration which may explain the reason why some of the lakes, such as, Sonderlerleijen, and Breukeleveense plas did not show any improvement after>75% fish reduction. Fig.3 is a simulation result of zooplankton biomass without the predation pressure of planktivorous fish. The data for zooplankton biomass for a year without the fish predation is difficult to find, however we compared the simulation result with the observed zooplankton biomass of the lake Zwemlust in 1987 after refilling the lake in March when the fish stock was reduced by 98% to 10kg/ha. The simulated result matches fairly well in the increasing period and the maximum biomass, however the decreasing rate was more rapid in the observed value mainly because there were still some fish remaining in the lake. Fig 4. Shows the simulated zooplankton biomass in the presence of fish. The simulation results show the depletion of zooplankton biomass quite rapidly; by the middle of June, the initial zooplankton of 1g/m3 drops to a very low level. We also simulated the threshold fish biomass for zooplankton to sustain until the summer when they could grow exponentially, but the value obtained was quite low (>2g/m3 which is equivalent to 20kg/ha considering the lake is approximately 1m deep). This low value could be because fish food was only limited to zooplankton and also the effect of piscivorous fish was not taken into account. With this, we can roughly say that the fish stock reduced to less than 2g/m3 at the beginning of the year can reduce. the predation pressure on zooplankton even without the presence of piscivorous fish. It is documented in the literature, for a successful restoration by biomanipulation the initial planktivorous fish should usually be reduced to a value less than 150kg/ha (Hosper, 1986 ) but it is not clearly mentioned whether it is with piscivorous fish or without it. However the value of 150kg/ha seems more reasonable in the presence of piscivorous fish Fig . 5 is the comparison of cumulative zooplankton biomass of predation pressure free environment and the equivalent biomass required by fish (for initial biomass of 2.5g/m3) for their food. The result shows the demand for food clearly exceeding supply until the summer but zooplankton abundance could be several orders of magnitude higher in the peak period without the predation pressure. Fig 6 shows the simulation of phytoplankton biomass compared with the observed values in lake Bleiswijkse Zoom in Netherlands (without fish means the reduced fish predation pressure i.e., after manipulation). Before manipulation the phytoplankton concentration (Bleiswijkse Zoom mainly consisted of greens and blue greens) ranged from 20 to 140mg/m3 that is the fish pressure on zooplankton was intense. After the removal of fish (84% removal was done from 760kg/ha to 120kg/ha) the phytoplankton biomass was very low. It was obviously due to the reduced predation pressure on zooplankton.
CONCLUSIONS
Model simulations show that the growth of planktivorous fish is an important issue to be dealt with; only the drastic reduction of such fish stocks do not help in the long run. We also observed that, amount of zooplankton, the fish used for food in the month of May until August was much less than the potential zooplankton biomass in the lake, however, the fish food requirement before the beginning of summer was higher than the available zooplankton during which the zooplankton got suppressed. Control of phytoplankton with reduced fish predation pressure was also simulated well by the model. It was clearly seen from the simulated results that the reduction of planktivorous fish or natural winter kill is not sufficient for the long term clearing of lakes because planktivorous fish stock will grow quite rapidly making it unsuitable for the following year. This emphasises the need for other means to be taken together with planktivorous fish reduction such as introducing the piscivorous fish and enhancing the appropriate condition for aquatic vegetation. The role of vegetation is also highly important as they help reduce the phytoplankton by competing for nutrients, by providing shelter for zooplankton and by reducing wind induced resuspension of the sediments.
